Abstract
& ¡ £ vanishes, and lower bounds to the symmetric model. In particular we show that an answer of the following problem (which is very natural, and of independent interest) will imply lower bounds on symmetric circuits for
is a constant), thus extending the result of [19] . These are the best lower bounds known for depth 3 circuits over fields of characteristic zero.
Introduction

Background
Arithmetic circuits and boolean circuits are very natural models for computing polynomials. Similar to most computational models almost no lower bounds are known for these models. The best lower bound is the classical
variables over the complex field. No such lower bound is known for circuits over fields of bounded size. In addition there is no lower bound for depth.
Since it is difficult to prove lower bounds for the general model (independent of the characteristic of the field), research focused on restricted models such as monotone circuits, bounded depth circuits and more. Exponential lower bounds were proved for monotone circuits over any field. However, the results for bounded depth circuits depend on the field.
Exponential lower bounds are known for bounded depth Boolean circuits [1, 5, 25, 9] . [20, 16] showed that even if we allow the circuit to use
gates (for some fixed prime p), then it is still exponentially hard to compute the majority function.
For general bounded depth arithmetic circuits (over characteristic
) there are no exponential lower bounds, in contrast to the boolean case. The best lower bound (beside the classical
) is a slightly super-linear lower bound of [13, 15] for polynomials of bounded degree (over any field). Not only is it difficult to prove lower bounds for general bounded depth circuits, it seems that proving lower bounds for depth 3 circuits (the first non-trivial depth) is a difficult task in itself. Over fields of characteristic 5 1
, [6, 7] proved exponential lower bounds for depth 3 circuits computing a generalized majority function.
In spite of these results for depth 3 circuits over fields of characteristic T 1
, it seems that the situation in characteristic 0 is completely different. [11, 12] proved exponential lower bounds for restricted ¡ £ ¢ ¤ ¡ circuits, but for general ¡ £ ¢ ¤ ¡ circuits, there are no such strong results. It seems that although these circuits look very restricted they are actually quite powerful. For example, [3] showed a quadratic depth 3 formula that computes the elementary symmetric polynomials. This construction shows that the efforts to generalize the result of [6, 7] to circuits over fields of characteristic 0, are in vain. The best lower bound is due to [19] , who showed a quadratic lower bound for depth 3 circuits computing some of the elementary symmetric polynomials, thus showing that the construction of [3] is essentially optimal. This is the best lower bound for depth 3 circuits over characteristic 0 so far, no super-quadratic lower bounds are known for this model.
Results
From now on we will only consider computations over the complex field, for every " T T 6
. Thus for " P Q R
for some constant 1 ¥ 2 ( 2 6
we have § $ ¤ V U 5 5 P Q R 8 ¤)
